I. INTRODUCTION
Forestry sector, including forest industries, comprised around 2.5 % of Indonesian GDP during the period of -2014 (Badan Pusat Statistik, 2016 . Even though this sector's contribution to GDP is small compared to other sectors, forestry sector altogether with agriculture and fishery sectors has contributed by providing job opportunities. In addition, forestry sector is also considered as a booster for economic growth in Indonesia since forestry sector has contributed to the development of isolated areas (Nurrochmat et al., 2012) .
Due to abundance of forest resources, Indonesia has become a major forest product exporter country in the world, specifically of pulpwood. In 2013, Indonesian pulpwood contributed 1.8 billion USD in total value added -second only to plywood (Kemenhut, 2014) . This forest product has shown a dramatically increasing trend since 1990s. Pulpwood production reached more than 6 million tons in 2013. More than half of the total production (3.8 million tons) was traded mainly to some Asian countries such as China, Korea and Japan.
A demand for wood will continue to increase (FAO, 2009 ). In addition to this, Indonesia has been considered as a country that positively responds to wood global demand by expanding its pulp production and timber plantation industries (Obidzinski & Dermawan, 2012) . Thus, it is important to analyse the demand structure of pulpwood for Indonesia. This paper investigates the demand function of Indonesian pulpwood on several markets, namely the Chinese, Korean, Japanese and the world markets. These three countries were chosen because approximately 81.5% of the total Indonesian pulpwood export (2.8 million tons) went to these countries in 2014. In addition, these Asian countries are the main partner countries for Indonesian forest products trade (Indonesia EU FLEGT Facility, 2016) .
Three objectives are examined in this study. First, to learn the demand functions of Indonesian pulpwood on both selected Asian countries (China, Korea and Japan) and the world market. Next is to measure own-prices, cross-prices and incomes elasticity of the top five pulpwood exporter countries (Brazil, Canada, USA, Chile and Indonesia) including its effects on Indonesian pulpwood demand. The last is to examine the policy that can be applied to Indonesia's pulpwood industries.
Forest products demand function altogether with income and price elasticity have been researched by some scholars. There are various methods which can be used to analyse demand functions. They are different due to variables included in the models, data and econometric approaches that are applied. Turner and Buongiorno (2004) derived import demand for 10 (ten) forest product groups from generalized Cobb-Douglas production function and compared 5 (five) different methods both in static and dynamic models (Pooled OLS, First Differencing, Fixed effects, Random Effects, and the Arellano-Bond method). The explanatory variables consist of real import price and real GDP as proxy of income. The study used panel data from 64 countries from 1970 to 1987. The results found that the dynamic Arellano-Bond method gave the best result in measuring demand function.
Similarly the demand functions model was also studied by Simangunsong and Buongiorno in 2001 . The data were gathered from 64 countries during the period of 1973-1997. In addition, five different econometric approaches namely Pooled OLS, Least Squares with Dummy Variables (LSDV), within-country and between-country regression, random effects and shrinkage estimation were compared, both statically and dynamically, to measure demand functions for nine groups of forest products. The result showed that the Least Squares with Dummy Variables (LSDV) was the most useful method to obtain demand functions. In addition, the study stated that static model could predict demand model better than dynamic model.
Demand for goods can also be measured based on international trade terms. Gravity model, for instance, is a model to analyse demand for export and import between two countries. This model suggests that distance is an important factor on determining the demand function. Distance variable is expected to have negative sign or relation on export and import demand. Tang, Song, Perez-Garcia, and Eastin (2015) used this model to measure Chinese wood pulp and recovered paper imports. Three econometric approaches namely Random effects, Fixed effects and Hausman-Taylor (HT) estimator were applied in the paper. Particularly for pulpwood, the study formulated the demand function which consists of GDP of both importer and exporter country as proxy of the economic development level, distance, exchange rate, pulpwood production per capita, dummy variables of APEC and WTO agreements. The study used data from 1995 to 2012. The finding suggested that HT estimator gave the best estimation and gravity model succeed in explaining the Chinese pulpwood and recovered paper import.
Another approach to measure demand structure is Transcendental Logarithmic (TL) model which was first introduced by Christensen, Jorgenson, and Lau (1975) . Then, the model was developed by Swamy and Binswanger (1983) . The study compared three demand functions namely Normalized Quadratic demand, Generalized Leontief demand and Transcendental Logarithmic demand (TL). The result suggested that compared to the other demand functions, TL is better in terms of symmetry and homogeneity restrictions. Wilson (1994) added TL model is more general than the Almost Ideal Demand System (AIDS) model. Moreover, this model has flexibility in function form and satisfies all restrictions of demand function: homogeneity, symmetry and adding-up constraint. Even though there are various models that can be used to study demand functions, most studies show that the sign of own-price and income elasticity are consistent. Own-price is negatively correlated with pulpwood demand, while income is positively correlated with the quantity of pulpwood demanded. However, the magnitude of own-price and income elasticity could be different. Some scholars, for instance, Turner and Buongiorno (2004) and Chou and Buongiorno (1984) found that own-price was inelastic (-0.48 and -0.88, respectively) , whereas Detomasi (1969) found pulp/waste paper's own-price was elastic (-12.55 ). Different results were also obtained for income elasticity. Turner and Buongiorno (2004) found the income elasticity was elastic (2.7), while Kreinin (1973) found income was inelastic (0.75).
This paper is clearly different with the previous studies in terms of the methodology. Most of them use Ordinary Least Square (OLS), fixed effects, random effects and other econometric approaches both in static and dynamic terms. Whereas, this study uses Transcendental Logarithmic (TL) model with Seemingly Unrelated Regression (SUR) estimation with more focus on demand for Indonesian pulpwood in the Chinese, Korean, Japanese and the world markets. Other than that, this model is a static model. Therefore, the result is expected to be more precise than dynamic models, especially in estimating the demand function.
II. MATERIAL AND METHOD

A. Materials
This study uses secondary data from United Nation Commodity Trade Statistics Database (International Trade Statistics, 2015) . The data consists of volume (in tons) and value (in US$) of pulpwood exported from the top five producer countries namely Brazil, Canada, USA, Chile and Indonesia. The prices are approximated by dividing the total value of pulpwood export with the total volume of pulpwood exported. The data series used is on an annual basis from 1994 to 2014. In addition, the world and some Asian countries (China, Korea and Japan) are chosen as pulpwood markets. Pulpwood that is used in this study is classified in Harmonized System (HS) 4703 (4 digits) and is defined as chemical wood pulp, soda or sulphate and not dissolving grade.
B. Methods
Transcendental Logarithmic (TL) function was introduced by Christensen et al. (1975) and then followed by Swamy and Binswanger (1983) is applied to estimate Indonesian chemical pulpwood demand on the Chinese, Korean, Japanese and the world markets.In general, Transcendental Logarithmic (TL) model can be seen as below.
where:
= share of an exporter country i in a particular market, = logarithm of real expenditure/ income, = second order logarithm of real expenditure/income, = logarithmic price of exporter country j, j = 1, 2, …, N (the number of exporter countries), i = 1, 2, …, N-1. Since this study uses export data from 5 top chemical pulpwood exporter countries (Brazil, Canada, USA, Chile and Indonesia) in 4 different markets (the world, China, Korea and Japan) then the model was reconstructed as follows:
= share of an exporter country i in a particular pulpwood country market m, m = 1, 2, 3, 4 refers to Chinese, Korean, Japanese and the world markets, j = Number of exporter countries (N). j = 1, 2, 3, 4, 5 refer to Brazil, Canada, USA, Chile and Indonesia respectively, i = 1, 2, …, N-1. This study imposes demand restrictions on the model as follows: Homogeneous of degree 0 Symmetry Along with the model, in order to avoid singularity, one equation should be omitted from the system. In this study, there are five equations of exporters' share demand in each market. Thus, one of them should be deleted. The dropped equation should be the least share from the exporter countries. However, on the Japanese and the world markets, the least share of pulpwood exporter is Indonesia, as a consequence the deleted equation is the second least exporter.
C. Analysis
Four steps were carried out in order to answer the objectives of this study. Firstly, the cross-equation error correlation was tested. Followed by estimating Indonesia's demand function using SUR estimation. Next price (own-and cross-price) elasticity and income elasticity was calculated using Eq. 3 and Eq. 4. The last was analysing the policy that could be implemented by the Indonesian government based on the yielded results. The STATA program was used to measure the first two aforementioned steps. The last two steps were calculated by using Excel Program through formula from Eq. 3 to Eq. 10.
Testing for cross-equation error correlation
Transcendental Logarithmic (TL) demand function using SUR estimation which was used in this study consisted of identical variables in all system of equations (Eq. 2). For that reason, Breusch and Pagan's test (Breusch and Pagan, 1980) was applied on STATA program to examine the correlation matrix of errors across the equations.
This error correlation can be captured by examining the covariance value. The hypothesis can be seen as follows: H 0 : σ12= σ13= … = σ45 = 0; where σ12= σ13= … = σ45 are defined as covariance of errors across different equations, H 1 : at least one covariance is nonzero, H 0 : can be rejected if any of covariance is nonzero.
Price and income elasticity
This study used Swamy and Binswanger's model to measure price and income elasticity. Swamy and Binswanger (1983) formulated price and income elasticity as follows:
Price Elasticity:
= coefficient of P ij , i = exporter country i, j = other exporter country j, = mean value of demand share exporter country i, = mean value of demand share exporter country j, = Kronecker delta, if i=j, and otherwise.
Income Elasticity:
= coefficient of logarithmic real income exporter country i, = coefficient of second order logarithmic real income exporter country i, i = exporter country i, = mean value of demand share country i, = logarithm of real expenditure/ income on pulpwood. Table 1 shows the result of Breusch-Pagan test for pulpwood demand from the top five exporter countries on the Chinese, Korean, Japanese and the world markets. The correlation of the residuals among demand shares are nonzero, thus this study rejects H o (σs1s2= σs2s3= … = σs4s5 = 0). It means there are correlations among the residuals. Table 2 shows Chi-square (Chi 2 ) values and probability values of Breusch-Pagan test of independencies. All probability values are considered small for all markets: 0.0045 (Chinese market), 0.0000 (Korean market), 0.0613 (Japanese market) and 0.0006 (the world market). The results indicate that the equations in each market is jointly either positively or negatively significant at level 1% for Chinese, Korean and the world markets, and significant at 10% for Japanese pulpwood market. This study, therefore, can be continued by regressing Transcendental Logarithmic (TL) demand model with Seemingly Unrelated Regression (SUR) estimation.
III. RESULT AND DISCUSSION
A. Breusch-Pagan Test of Error Correlation
B. Seemingly Unrelated Regression (SUR)
Estimation Table 3 represents SUR estimation of pulpwood demand for the top 5 exporter pulpwood countries in four different markets. Based on the list at row 8 on the Chinese market there are four significant independent variables, namely: logarithmic income (β i1 ), second order
logarithmic income (β i2 ), Canadian pulpwood price (Υ2) and Indonesian pulpwood own-price (Υ5). Similar patterns are also shown in the Korean market (row 16). Logarithmic income (βi1), second order logarithmic income (βi2) and Indonesian pulpwood own-price (Υ5) significantly influence Indonesia's pulpwood demand too. Yet, another country's price is influenced by USA's pulpwood price (Υ3) instead of Canadian pulpwood price (Υ2). On row 32, the list point out that Indonesia's pulpwood own-price (Υ5) and USA's pulpwood price (Υ3) influence Indonesia's pulpwood demand significantly on the world market as well. Particularly, on the Japanese pulpwood market (row 24) there is no significant independent variable.
Looking at in more details about Indonesian share demand on the Chinese market (row 7), the total expenditure or income denoted by Log (M) has positive sign on the coefficient variable (β i1 ). It means that the rise of expenditure will also increase the demand share of Indonesian pulpwood. Second order logarithmic income (Log (M)) 2 on demand share of Indonesian pulpwood has negative sign on coefficient parameter β i2 , which means that the increase of Indonesian pulpwood demand due to an increasing expenditure will hold diminishing pattern. Furthermore, the coefficient of Indonesia's own-price (Υ5) to the Chinese market is positive and explains that an increase of Indonesian pulpwood price will escalate the pulpwood export to China. On the other hand, other country's pulpwood price (Canada's (Υ 2 ) price) will negatively affect the share of Indonesian pulpwood demand and it is shown by the negative sign of the Canadian pulpwood price. It suggests that an increase of Canadian pulpwood price will decrease the demand share of Indonesian pulpwood. On contrary, the opposite result is obtained for demand of Indonesian pulpwood on the Korean market (row 15). Pulpwood demand in this country has negative sign of coefficient parameter β i1 in respond to income variable (Log (M)). An increase of expenditure will decrease the demand share of Indonesia's pulpwood export. Furthermore, the second order logarithmic expenditure (Log (M)) 2 shows positive sign instead of negative sign of coefficient parameter β i2 .
In relation to Indonesia's own-price (Υ5), the coefficient of this variable is negative on the Korean market. It means that an increase of its own-price will decrease the demand share of Indonesian pulpwood export to Korea. Meanwhile, share of Indonesian pulpwood demand is positively influenced by USA's pulpwood price (Υ3). The increase of USA's pulpwood prices will positively correspond to an increase of Indonesian pulpwood export. Similar results related to the sign of its ownprice and other country variables are shown in the world market on row 31. The coefficient of Indonesia's own-price (Υ5) is negative which means that an increase of its own-price will decrease the demand share of Indonesian Note: The numbers in parentheses are standard errors, (***) significant at 1%, (**) significant at 5%, (*) significant at 10% pulpwood export to the world market. The share of Indonesian pulpwood export is also positively affected by USA's pulpwood price (Υ 3 ). Then, the increase of USA's pulpwood prices will correspond to an increase of Indonesian pulpwood export to the world market.
C. Price and Income Elasticity 1. Own-and cross-price elasticity Table 4 shows the own-and cross-price elasticity of pulpwood demand for the top five exporter countries. Own-price elasticity indicates that the change in pulpwood demand correspond to the change in the price of the same goods. Looking in more detail, the ownprices show negative signs for Indonesian pulpwood on the Korean, Japanese and the world markets. The value of own-price elasticity is -2.308, -1.06 and -2.04 on the Korean, Japanese and the world markets respectively, which are considered as elastic. It means that an increase in Indonesian pulpwood price will bring a significant negative effect on pulpwood demand by those markets. This is supported by Detomasi (1969) which resulted in -12.55 of own-price, while Turner and Buongiorno (2004) suggested that own-price of pulpwood is considered as inelastic and accounted for -0.84 of own-price elasticity. Thus, this study conform the demand theory that the higher the price of pulpwood the smaller quantity will be demanded. It has happened on the Korean, Japanese and the world market.
Interestingly, different result is shown for demand of Indonesian pulpwood on the Chinese market. The own-price is inelastic (< 1), and it has a positive sign which means that Indonesian pulpwood price will not give a significant effect on the Chinese pulpwood demand. In addition, if the price of Indonesian pulpwood goes up, the demand of Indonesian pulpwood will keep increasing. One of the possible explanations of why China keeps continuing to import Indonesian pulpwood even though the price rise is due to its high economic growth (Tang et al., 2015) . Another explanation is that Indonesian pulpwood production keeps growing and able to meet China's demand. The cross-price elasticity in four markets varies within the top five pulpwood exporter countries. Positive cross-price elasticity indicates that pulpwood is substitute goods, while the negative elasticity shows that the pulpwood is complementary goods. The results show that both substitute and complementary goods exist in pulpwood trade in all markets. However, according to the result, pulpwood can be considered as a substitute goods. This is clearly shown in Table 5 that out of three significant cross-prices elasticity, two (2) of them (USA's pulpwood prices) have positive sign (2.038 and 1.194 on the Korean and the world markets, respectively). It means that Indonesian pulpwood product can be substituted by USA's pulpwood products. Table 5 represents income elasticity of pulpwood demand from the top five exporter countries. Changes of world income induce a positive influence on the share demand of Indonesian pulpwood to the Chinese, Korean and the world markets. Income elasticity is elastic in the Chinese and Korean markets (1.002 and 1.722, respectively). These results are supported by Turner and Buongiorno's study in 2004 which mentioned that income is elastic for pulpwood product (2.72). Meanwhile, income is considered as an inelastic elasticity in the world market (0.625).
Income elasticity
As the economic theory mention, a positive sign of income elasticity indicates normal goods, while the negative elasticity is categorized as inferior goods. Based on the results above, Indonesian pulpwood can be considered as normal goods. This is shown in Table 5 that out of four income elasticity values, three (3) of them have positive signs. It means that the higher the expenditure on pulpwood, the more Indonesian pulpwood is demanded. However, particularly on the Japanese market, income has negative effect on demand of Indonesian pulpwood export.
An elastic income on demand of Indonesian pulpwood brings advantage for Indonesian pulpwood exporters to the Chinese and Korean markets. For instance, if Chinese and Korean consumers have higher income in the future, both countries will spend larger portion of their income for Indonesian pulpwood. On the other hand, if their incomes decrease, these two countries will import the pulpwood from Canada. Then, Indonesian pulpwood demand will decrease.
D. Policy Analysis
This study finds that Indonesia's pulpwood own-prices are mostly negative and elastic. This negative and elastic own-price indicates that a slightly reduced Indonesian pulpwood price would bring a huge increase in quantity demand of Indonesian pulpwood. Thus, one possible policy that could be implemented by the Government of Indonesia (GoI) is imposing a subsidy policy. The author conducted a scenario in which the GoI gives subsidy to pulpwood companies in order to reduce pulpwood price by 10%. Similar policy had been implemented by the GoI when the GoI imposed a plantation subsidy to HTI holders from the Reforestation Fund (Dana Reboisasi) between 1993 and 1998 (Barr, 2001) . A -10% subsidy scenario is chosen since it would give a higher rate of return compared to a -20% subsidy.
Generally, forest industry including pulpwood industry has linkage or connection with the forest plantation industry which is called forward linkage (Nurrochmat et al., 2016) . Giving subsidy to forest plantation industry would give benefit for the pulpwood industry as well, for instance the lower raw material (wood) cost for pulpwood industry. Thus, it would finally cause in lower price of pulpwood produced. In addition, Nurrochmat et al. (2016) mentioned that giving subsidy to local producers is one of several ways to promote forest products export. In this paper, giving subsidy could be implemented by reducing tax and retribution such as property tax (Pajak Bumi dan Bangunan) and local retribution (Retribusi Daerah) that still are considered high.
Suppose the current Indonesian pulpwood sales (M) is price (P) x quantity (Q). By doing so, it will lead to the decrease of the initial price (P) to the new pulpwood price ( ). At the new price, 10% cheaper than the Indonesian pulpwood price in 2014, the quantity of Indonesian pulpwood demand is expected to increase in all markets. The increase in quantity (ΔQ) can be calculated by using the formula:
Then, the total Indonesian pulpwood demand becomes:
Thus, the total new sales ( ) can be measured as follow:
In regard to examine whether giving subsidy of 10% gives benefit for Indonesia or not, thus the gain yielded, cost needed, and the rate of return resulted due to this policy should be compared. Suppose world sales do not change, the total sales (M) of Indonesian pulpwood would increase by . The gain yielded due to the policy can be calculated by the gain equation below:
Then, the cost that the GoI should spend can be estimated by using formula: Therefore, rate of return of this policy can be measured by the formula below: Table 6 shows the projection of this scenario. Based on the assumption, the quantity of Indonesian pulpwood demand would increase in the Korean, Japanese and the world markets. In line with these increments, Indonesia's share of demand would also increase from 0.28 to 0.31 and from 0.08 to 0.1 in the Korean and the world markets, respectively. In contrast on the Japanese market, the share of pulpwood demand from Indonesia would eventually decrease from 0.09 to 0.08. While in the Chinese 
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market, the pulpwood quantity demand would decrease. Furthermore, the share of Indonesian pulpwood demand would also be decreasing from 0.17 to 0.14. In terms of implementing the subsidy policy, GoI would spend 90.15 million USD, 26.44 million USD, 7.65 million USD, and 186.32 million USD in the Chinese, Korean, Japanese, and the world markets, respectively. Indonesian pulpwood industry will gain 85.75 million USD with the rate of return of 0.95 in the Chinese market, 55.08 million USD with the rate of return of 2.08 in the Korean's market, 8.14 million USD with the rate of return of 1.06 in the Japanese market, and 351.93 million USD with the rate of return of 1.89 in the world market. It means that giving a subsidy would give more benefit to the Indonesian pulpwood industry in the Korean's market rather than on the other markets. Regarding the market share, Indonesia's share of demand would increase from 0.08 to 0.1 in the world market. This study, therefore, suggests that a subsidy policy should be implemented on the Indonesian pulpwood industry.
Studying the demand function by using Transcendental Logarithmic (TL) model indeed gives flexibility in function form and satisfies all restrictions of demand function. This model, however, still has limitations. Since it is a static model, thus it cannot be used to forecast a demand function in a particular time because the forecast result would be the same for each year. In addition, it cannot give trends of Indonesian pulpwood export demand during the study period. Thus, policy makers still need to consider the dynamic model in order to capture the trends and to construct various projections. 
IV. CONCLUSION
This paper finds that the demand of Indonesian pulpwood is significantly influenced by both logarithmic income (Log (M)) and second order logarithmic income (Log (M)) 2 in the Chinese and Korean markets. Canada's pulpwood price (Υ2) significantly affects Indonesian pulpwood demand in the Chinese market, while USA's pulpwood price (Υ3) affects Indonesian pulpwood demand in the Koreans and the world markets. Indonesia's own-price (Υ5) significantly influences its own demand in all markets, except for the Japanese market.
Regarding to elasticity, this paper highlights Indonesia's own-prices in almost all of the markets are elastic and have negative signs (-2.308, -1.06 and -2.04 in the Korean, Japanese and the world markets, respectively), whereas, Indonesia's own-price is inelastic and has positive sign only in the Chinese market (0.789). There are two possible explanations for this situation. Firstly, China keeps continuing the high economic growth. Another explanation is that Indonesian pulpwood production could meet China's demand.
Concerning the cross-price elasticity, this study finds that out of 3 (three) significant cross-prices elasticity, two (2) of them (USA's pulpwood prices) have positive sign (2.038 and 1.194 in the Korean and the world markets, respectively). The positive sign of cross-price elasticity explains that Indonesian pulpwood product can be substituted by USA's pulpwood.
In term of income elasticity, Indonesian pulpwood can be categorized as normal goods due to its positive sign in majority markets (1.002, 1.722 and 0.625 in the Chinese, Korean and the world markets, respectively). It means that increase of income leads to increase of pulpwood demand. On contrary, income elasticity has negative sign in the Japanese market with the value less than one (-0.308). It means that income is not a significant factor for the Japanese pulpwood demand.
Based on the policy analysis projection, the scenario assumes that GoI imposes subsidy in order to reduce Indonesia's pulpwood price by 10%. This study points out that this scenario would give more benefit in the Korean market compared with other markets. It has high rate of return (>2). Overall, in terms of market share, Indonesia's share of demand would increase from 0.08 to 0.1 with rate of return 1.89 in the world market. This study, therefore, suggests that a subsidy policy should be implemented for pulpwood industry in Indonesia.
